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Abstract

This paper extends the definition of an exact consensus complex social network to that of
a near consensus complex social network. A near consensus complex social network is a
social network with nontrivial topological features and steady state values of the decision
certitudes of the majority of the nodes being either higher or lower than a threshold value.
Based on this definition, the relationships among the vectors representing the steady state
values of the decision certitudes of the nodes, the influence weight matrix of a near con-
sensus complex social network and the set of vectors representing the initial state values of
the decision certitudes of the nodes that satisfies a given near consensus specification are
investigated. Finally, some practical examples of near consensus complex social networks
are illustrated.
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1 Introduction

A complex network is a network with nontrivial topological features [1]. Complex networks
appear in various contexts in our daily life. Over the last decade, complex networks
have drawn attentions of many researchers from different fields of physical and social
sciences, such as mathematics [2], computer science [3], engineering [4], [11], [12], biology
[5], economics [6] and social sciences [7]. A social network is a network made of individuals,
called nodes, which interact with each others [7]. As many social networks have nontrivial
topological features, social networks are actually complex networks.

In the past, complex social networks were investigated using lattice and graph theory
[8]. Existing studies are based on an exact consensus property (i.e., the steady state values
of the decision certitudes of all the nodes are equal to either 1 or -1 [9]). In reality, the
steady state values of the decision certitudes of the majority of the nodes are either higher
or lower than a threshold value [10]. Thus, it is useful to extend the definition of the exact
consensus property to that of a near consensus property. In this paper, the near consensus
property is referred to the property that the steady state values of the decision certitudes
of the majority of the nodes are either higher or lower than a threshold value. Deriving the
near consensus property is a key to the analysis of practical social networks [10]. However,
by extending the definition to the near consensus property, the relationships among the
vectors representing the steady state values of the decision certitudes of the nodes, the
influence weight matrix of a near consensus complex social network and the set of vectors
representing the initial state values of the decision certitudes of the nodes that satisfies a
given near consensus specification are unknown. The aim of this paper is to address the
above issue.

Note that this investigation is challenging as the set of vectors representing the steady
state values of the decision certitudes of the nodes that satisfies a given near consensus



specification is nonconvex. So far, no results have been reported on the near consensus
complex social networks.

2 Main Results

The necessary and sufficient condition for the vectors representing the decision certitudes
of the nodes of complex social networks converging to a nonzero fixed vector for each
nonzero initial condition as follows. (i) All the eigenvalues of the weight influence matrix
are inside or on the circle; (ii) there exists some eigenvalues on the unit circle; and (iii)
for those eigenvalues are on the unit circle, they are equal to one.

Suppose that the wight influence matrix is diagonalizable. Assume that there exists
at least one eigenvectors of the wight influence matrix with all their elements equal to 1
or -1 and the corresponding eigenvalues equal to 1, then the sum of the elements in each
row of the weight influence matrix is equal to one.

For a given nonzero initial state and a diagonalizable weight influence matrix, if the
state vector converges to a nonzero vector, then the steady state vector can be expressed
as a linear combination of the eigenvectors corresponding to the eigenvalues equal to one.
The corresponding linear combination coefficients depend on the initial conditions. On the
other hand, for a given steady state vector and a diagonalizable weight influence matrix,
the initial state is not uniquely defined. In fact, the initial state is in the linear variety of
the subpace spanned by the set of eigenvectors corresponding to the eigenvalues equal to
one and translated by the steady state vector.
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